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The microaerophilic nature of Campylobacter fetus has complicated its recov-

ery from human and animal sources. In this study, modifications of brucella agar

and broth were tested for enhancement of growth and aerotolerance of 64 strains
of C. fetus, representing each subspecies. Brucella agar supplemented with 0.025%
each FeSO4 7H20, sodium metabisulfite, and sodium pyruvate, supported growth
of 98, 77, and 63% of the strains at 6% 02, 17% 02, and 21% 02, respectively.
Unsupplemented brucella agar supported growth of 94, 48, and 20% of the strains.
Brucella broth supplemented with 0.2% FeSO4 7H20, 0.025% sodium metabisul-
fite, and 0.05% sodium pyruvate supported growth of 98% of the strains at 21% 02,

compared to 75% with unsupplemented brucella broth. With both the supple-
mented agar and broth, growth responses occurred 1 to 2 days earlier than usual.
Growth and aerotolerance of three strains of Campylobacter sputorum subsp.
bubulus were not enhanced by the supplements.

Campylobacter fetus requires oxygen for
growth, yet is inhibited by oxygen at normal
atmospheric partial pressure (3, 6). Growth oc-
curs at oxygen concentrations below 21%, and
even candle jar conditions (17% 02) may provide
too much oxygen for some strains. The optimum
concentration of oxygen has been reported to be
6% (3). The microaerophilic nature of C. fetus,
as well as a requirement for carbon dioxide (3),
have complicated recovery of the organism from
human and animal sources.

Catalase has been reported to stimulate the
growth of C. fetus (4). Border et al. (1) found
that addition ofhematin to brucella agar allowed
growth of some strains in air containing 5% C02.
Bowdre et al. (2) found that addition of low
levels of norepinephrine, or high levels of iron
salts, to brucella agar permitted C. fetus subsp.
jejuni to grow at 21% 02 plus 2.5% C02.

In the present study the abiity of a combi-
nation of ferrous sulfate, sodium bisulfite, and
sodium pyruvate to enhance the aerotolerance
of C. fetus was evaluated for 64 strains, repre-
senting each subspecies.

MATERIALS AND METHODS
Source of strains and maintenance of stock

cultures. Sixty-four strains of C. fetus from human
and animal sources were used. The strain designations
and sources are indicated in Tables 1 to 3. Also, three
strains of Campylobacter sputorum subsp. bubulus
(no. 861, 867, and 53103) from the Anaerobe Labora-
tory, Virginia Polytechnic Institute and State Univer-
sity, Blacksburg, were used. Stock cultures were main-

tained in brucella broth (Pfizer Diagnostics) contain-
ing 0.15% agar and 0.02% FeSO4 7H20.

Viable counts. Cultures were grown at 37°C with
agitation in brucella broth in an atmosphere contain-
ing 6% O2,2.5% C02, and 92.5% N2. Log-phase cultures
were diluted to a turbidity of 55 Klett units (red filter,
16-mm cuvettes) in brucella broth; this suspension was
further diluted by a factor of 106. One-tenth milliliter
of the final dilution was spread on the surface of agar
plates which had previously been dried overnight at
room temperature. The media consisted of plain bru-
cella agar and brucella agar supplemented with 0.025%
each FeSO4 7H20, sodium metabisulfite, and sodium
pyruvate (FBP agar). The pH of the media was 7.4.
Plates were incubated in atmospheres of 6% 02, 17%
02, and 21% 02. Carbon dioxide (2.5%) was provided at
each oxygen level. Final partial pressures of gas mix-
tures were adjusted manometrically to standard sea
level values. Triplicate plates for all experiments were
incubated for 4 days at 37°C, and the mean colony
counts were recorded. The results were expressed as
a growth index, defined as the colony counts obtained
under the test conditions divided by the counts ob-
tained on unsupplemented brucella agar incubated at
6% 02 and 2.5% C02.

Total counts. For a representative strain of each
of the three subspecies of C. fetus, colony counts of
log-phase cells on brucella agar and FBP agar plates
were compared to direct microscopic counts (Petroff-
Hausser chamber). The percent recovery of colonies
compared to the total numbers of cells was calculated.
Growth in broth. Log-phase cells were grown as

indicated above. Approximately 10% cells were inocu-
lated into 50 ml of plain brucella broth and brucella
broth supplemented with 0.2% FeSO4 7H20, 0.025%
sodium metabisulfite, and 0.05% sodium pyruvate
(FBP broth). The media were contained in square
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milk dilution bottles. Cultures were incubated stati-
cally at 37°C under 21% 02 and 2.5% C02. Turbidities
(in Klett units) were measured after 72 h. The results
were expressed as a growth index, defined as the
turbidity obtained with FBP broth divided by the
turbidity obtained with plain brucella broth.

RESULTS
Viablecoit ts. Results for strains of C. fetus

subsp. intestinalis are presented in Table 1. The

most oxygen-sensitive as well as the most oxy-
gen-tolerant strains occurred within this subspe-
cies. At 6% 02, 34 of 38 strains (89%) grew on
brucella agar, whereas 37 strains (97%) grew on
FBP agar. Strain 436 was extremely sensitive to
oxygen and failed to grow on either medium at
6% 02; growth occurred only on FBP agar incu-
bated in an atmosphere containing 1% 02 and
2.5% C02. At 17% 02, 17 of 38 strains (45%) grew
on brucella agar, whereas 25 strains (66%) grew

TABLE 1. Growth responses of C. fetus subsp. intestinalis on brucella agar and FBP agar at various
oxygen tensions

Growth index with incubation at:

Strain Source' 6% 02, 2.5% C02 17% 02, 2.5% C02 21% 02, 2.5% C02
(FBP agar) Brucella agar FBP agar Brucella agar FBP agar

Ov 1.0
Ov 1.0
Ov 1.0
Ov 1.0
Ov NC (49)d
Ov 1.1
Bv 1.1
Bv 0.8
Bv 1.2
Bv NC (0)
Bv 1.2
Bv 1.1
Bv 1.0
Hu 4.5
Hu 1.1
Hu 1.1
Hu 1.0
Hu 1.0
Hu 1.2
Hu 1.0
Hu 1.1
Hu 1.0
Hu 6.6
Hu 1.0
Hu 1.0
Hu 1.5
Hu 0.9
Hu 0.9
Hu 1.0
Hu NC (39)
Hu 0.9
Hu 1.1
Hu 2.2
Un 1.1
Un 0.9
Un 3.2
Un 1.1
Un NC (42)

0.6
0.6
0.0
0.0

NC (0)
0.6
0.0
0.0
0.0

NC (0)
0.8
0.0
0.0
0.0
1.0
1.2
0.0
0.8
1.2
1.0
0.0
0.7
0.0
1.1
0.4
0.5
0.0
0.3
0.0

NC (0)
0.0
0.0
0.0
1.2
1.0
0.0
1.1

NC (0)

1.0
1.2
0.0
0.7

NC (0)
0.9
0.9
0.0
0.0

NC (0)
1.6
1.0
0.9
0.0
1.1
1.2
0.0
1.0
1.2
1.0
1.2
0.9
0.0
1.1
1.1
1.6
0.0
1.1
0.0

NC (0)
0.0
0.9
2.3
1.3
1.1
3.4
1.1

NC (0)

0.0
0.0
0.0
0.0

NC (0)
0.0
0.0
0.0
0.0

NC (0)
0.8
0.0
0.0
0.0
0.5
0.0
0.0
0.0
1.2
1.0
0.0
0.0
0.0
1.1
0.0
0.0
0.0
0.0
0.0

NC (0)
0.0
0.0
0.0
0.0
0.0
0.0
0.6

NC (0)

0.0
0.8c
0.0
0.6

NC (0)
0.6
0.8
0.0
0.0

NC (0)
0.9
0.0
0.8
0.0
0.4
0.0
0.0
0.8
1.2
1.1
0.9
0.0
0.0
1.0
1.1
1.5
0.0
0.8
0.0

NC (0)
0.0
0.0
1.5
0.0
'0.0
3.4
1.1

NC (0)
'Ov, Ovine; Bv, bovine; Hu, human; Un, unknown.
b Growth index = the colony counts obtained under the test conditions divided by the colony counts obtained

at 6% 02, 2.5% CO2 on unsupplemented brucella agar. Results were calculated from the mean values of triplicate
plates. Growth indexes less than 0.2 (2 standard deviations) were considered to be 0.0.

' Values in italics indicate cases where growth occurred on FBP agar but not on unsupplemented brucella
agar.
d NC, Not calculated. No growth occurred on brucella agar at 6% 02, 2.5% C02. The numbers in parentheses

= number of colonies at a dilution of 1i-7 on FBP agar.

2221
13161
Grant
Langford
6339
4440
Keith 76-1435
DT-74
702
436
HCB
EMB 1545
273
Nelson 1
10951
319-A-76
10148
Pacemaker
Pedro
11669
1510 MB
11164
PB 1/76
8391-B-76
11529
11639-B-76
PB 1/35
B6286
HFl
PB1/1
1925
Barr
10583
18151-B-76
10451
10296
11324-A-76
W5-184
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on FBP agar. Of the animal strains (bovine or

ovine) tested, 4 of 13 (31%) grew at 17% 02 on

brucella agar, and 8 strains (62%) grew on FBP
agar. Of the human strains tested, 4 of 20 (20%)
grew on brucella agar, and 13 strains (65%) grew
on FBP agar. At 21% 02, only 6 of 38 strains
(16%) of C. fetus subsp. intestinalis grew on

brucella agar, whereas 18 strains (47%) grew on
FBP agar. Of the animal strains, only 1 of 13
strains (8%) grew on brucella agar, whereas 6
strains (38%) grew on FBP agar. Of the human
strains, 4 of 20 (20%) grew on brucella agar,

whereas 10 strains (50%) grew on FBP agar. The
most aerotolerant strains found, i.e., those giving
growth indexes of _1.0 on plain brucella agar at
21% 02, were all obtained from human sources.

The results for strains of C. fetus subsp. jejuni
are indicated in Table 2. Ail 18 strains grew on

both brucella agar and FBP agar at 6% 02. At
17% 02, however, only 13 strains (72%) grew on

brucella agar, whereas all 18 strains (100%) grew
on FBP agar. At 21% 02, only 7 strains (39%)
grew on brucella agar, whereas all 18 strains
(100%) grew on FBP agar.
The results for C. fetus subsp. fetus are indi-

cated in Table 3. All 8 strains grew on brucella
agar and FBP agar at 6% 02. Only 1 of 8 strains
(13%) was capable of growth on plain brucella
agar at 17% 02, and no strains were capable of
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growth at 21% 02. As with the other subspecies,
FBP agar enhanced aerotolerance, with 6 of 8
strains (75%) being capable of growth on this
medium at 17% 02 and 4 strains (50%) being
capable of growth at 21% 02.

Considering the three subspecies together,
FBP agar supported growth of 63 of 64 strains
(98%) at 6% 02, whereas 60 strains (94%) grew

on plain brucella agar. The single strain (no. 436)
that did not grow on either medium at 6% 02

was able to grow at 1 to 3% 02, but only on FBP
agar. At 17% 02, FBP agar supported the growth
of 49 of 64 strains (77%), whereas only 31 strains
(48%) grew on plain brucella agar. At 21% 02,

FBP agar supported the growth of 40 of 64
strains (63%), whereas plain brucella agar sup-

ported growth of only 13 strains (20%). None of
the strains of C. fetus could grow under strictly
anaerobic conditions.
Viable counts versus total counts. For

three strains of C. fetus grown on brucella agar
and FBP agar at 6% 02, the colony count per

milliliter was compared to the total count per

milliliter as estimated by direct microscopic
count. For C. fetus subsp. intestinalis strain 1510
MB, the colony count per milliliter was 45% of
the direct microscopic count per milliliter when
plain brucella agar was used versus 86% when
FBP agar was used. Similarly, for C. fetus subsp.

TABLE 2. Growth responses of C. fetus subsp. jejuni on brucella agar and FBP agar at various oxygen
tensions

Growth index' with incubation at:

Strain Source" 6% 02, 2.5% 17% 02, 2.5% C02 21% 02, 2.5% C02
C02

(FBP agar) Brucella agar FBP agar Brucella agar FBP agar

8916 Ov 1.1 0.8 1.1 0.0 0.8c
13136 Ov 1.1 0.7 0.8 0.0 0.3
4849 Ov 1.1 0.0 0.9 0.0 0.3
Wang III Fe 1.0 0.0 0.9 0.0 0.8
C14 Ch 1.3 0.6 1.6 0.4 1.1
29A Ch 1.0 1.0 0.9 0.5 0.9
OtisP. Hu 1.0 1.4 1.4 0.0 1.1
6963 Hu 1.0 0.9 1.1 0.0 0.7
H641 Hu 1.0 0.9 1.0 0.7 0.8
B7619 Hu 1.2 0.0 1.3 0.0 1.1
H840 Hu 1.4 0.0 1.2 0.0 1.0
Smith Hu 1.0 0.9 1.1 1.0 1.1
H550 Hu 0.9 1.3 1.3 1.0 0.9
11642-B-76 Hu 1.1 0.9 1.0 0.8 0.9
H325 Hu 1.0 0.8 0.7 0.4 0.8
Holy Cross Hu 1.1 0.6 0.9 0.0 0.7
11641-B-76 Hu 1.0 0.8 0.9 0.0 0.7
8945-A-76 Un 0.8 0.0 0.7 0.0 0.3

'Ov, Ovine; Fe, feline; Ch, chicken; Hu, human; Un, unknown.
b Growth index = the colony counts obtained under the test conditions divided by the colony counts obtained

at 6% 02, 2.5% C02 on unsupplemented brucella agar. Results were calculated from the mean value of triplicate
plates. Growth indexes less than 0.2 (2 standard deviations) were considered to be 0.0.

` Values in italics indicate cases where growth occurred on FBP agar but not on unsupplemented brucella
agar.
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TABLE 3. Growth responses of C. fetus subsp. fetus on brucella agar and FBP agar at various oxygen
tensions

Growth index' with incubation at:

Strain Sourcea 6% 02,2.5% 17% 02, 2.5% C02 21% 02, 2.5% C02
C02

(FBP agar) Brucella agar FBP agar Brucella agar FBP agar

21085 Bv 1.1 0.0 0.0 0.0 0.0
14093 Bv 0.9 0.3 0.9 0.0 0.9c
7721 Bv 1.4 0.0 0.7 0.0 0.3
75-183 Bv 3.2 0.0 2.1 0.0 1.1
13841 Bv 1.4 0.0 0.9 0.0 0.4
14664 Bv 2.0 0.0 1.1 0.0 0.0
14701 Bv 1.5 0.0 0.0 0.0 0.0
998 Bv 1.4 0.0 0.3 0.0 0.0

<'Bv, Bovine.
b Growth index = the colony counts obtained under the test conditions divided by the colony counts obtained

at 6% 02, 2.5% C02 on unsupplemented brucella agar. Results were calculated from the mean value of triplicate
plates. Growth indexes less than 0.2 (2 standard deviations) were considered to be 0.0.

C Values in italics indicate cases where growth occurred on FBP but not on unsupplemented brucella agar.

jejuni strain H840 and C. fetus subsp. fetus stram
998, values of 85 versus 98% and 66 versus 84%,
respectively, were obtained.
Growth on streaked plates. On plates

streaked by the "T" method (2) and incubated
at 6% 02, C. fetus strains generally formed colo-
nies on the first (most heavily inoculated) and
second sections of the plate by day 2 when FBP
agar was used but only on the first section of the
plate when brucella agar was used. For any given
strain, colony diameters were smaller on brucella
agar than on FBP agar. On FBP agar the various
strains had colony diameters ranging from 0.4 to
1.0 mm, whereas colonies on brucella agar
ranged from 0.3 to 0.7 mm. By day 3 colonies
were evident on all three sections of FBP agar
plates but only on the first two sections of bru-
cella agar plates. Colony diameters on FBP agar
now ranged from 0.9 to 1.4 mm, whereas those
on brucella agar ranged from 0.5 to 1.1 mm. By
day 4 colonies were present on all three sections
of the plates of both media, and the colony
diameters for any given strain were now similar
on both media. The colony diameters ranged
from 1.0 to 1.8 mm. In comparing the three
subspecies of C. fetus, the colonies of C. fetus
subsp. fetus were consistently smaller than the
colonies of the other two subspecies.

Regardless of size, colonies formed on FBP
agar by the various strains of C. fetus were
round, entire, convex, translucent, and smooth
and glistening and ranged in color from white to
light tan.
During the past year, 35 fresh clinical isolates

of C. fetus were received by our laboratory for
confirmation of identification. Upon receipt,
each strain was purified by streaking on FBP
agar with subsequent incubation at 6% 02. In
every case, FBP agar supported an excellent

growth response. In certain cases where the cul-
ture received by us contained very few viable
cells, growth occurred on FBP agar but not on
plain brucella agar.
Growth in broth. FBP broth supported the

growth of 63 of 64 strains of C. fetus at 21% 02
with static incubation (Tables 4 and 5). Only
strain 436 of C. fetus subsp. intestinalis, previ-
ously found to be highly oxygen sensitive on
agar plates, failed to grow in FBP broth. In
contrast to FBP broth, brucella broth supported
the growth of only 48 of the 64 strains. Where
both brucella broth and FBP broth supported
growth, maximum turbidity of the cultures de-
veloped 1 to 2 days earlier in the FBP broth.

C. sputorunL When tested at 6% 02, three
strains of C. sputorum subsp. bubulus grew on
both brucella agar and FBP agar, and colony
counts were similar on both media. The strains
failed to grow on either medium when tested at
17 and 21% 02. Thus, the oxygen tolerance of C.
sputorum appears not to be increased by the
supplements added to the brucella agar.

DISCUSSION
Although FBP agar enhanced aerotolerance

of all strains tested in this study, and although
nearly all strains could grow in FBP broth at
21% 02, the variety of levels of aerotolerance
among the various strains makes it unlikely that
all strains of C. fetus can be isolated or cultivated
on solid media at 17 or 21% 02. However, FBP
agar does offer advantages over plain brucella
agar. In laboratories where a candle jar might
be the only available means for reducing oxygen
tensions and providing carbon dioxide for isola-
tion of C. fetus, a greater proportion of strains
would be recovered on FBP agar compared to
plain brucella agar (77% compared to 48% of the
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TABLE 4. Growth of C. fetus subsp. intestinalis in
FBP broth at 21% 02, 2.5% C02

Strain Growth in- Strain Growth in-Strain dex" tri dex

2221 1.9 11669 1.7
11361 1.3 1510 MB 1.7
Grant NC (10)b 11164 1.4
Langford NC (13) PB 1/76 NC (13)
6339 NC (24) 8391-B-76 1.2
4440 1.8 11529 1.4
Keith 76-1435 3.0 11639-B-76 1.3
DT-74 NC (15) PB 1.35 1.4
702 1.2 B6286 1.2
436 NC (0) HF1 7.0
HCB NC (5) PB 1/1 NC (21)
EMB 1545 NC (13) 1925 NC (17)
273 1.2 Barr 1.6
Nelson I NC (24) 10583 2.5
10951 1.1 18151-B-76 1.3
319-A-76 1.6 10451 1.7
10148 1.8 10296 1.4
Pacemaker NC (22) 11324-A-76 1.7
Pedro 2.3 W5-184 3.0

Growth index = the turbidity reached in FBP
broth at 72 h divided by the turbidity reached in
brucella broth.

b NC, Not calculated. No growth occurred in bru-
cella broth. The value given in parentheses = the
turbidity in Klett units reached in FBP broth.

strains in the present study). Even at 6% 02,
where most strains can be recovered on either
FBP agar or brucella agar, FBP agar offers
advantages. Three strains in the present study
which were not capable of growth on plain bru-
cella agar at 6% 02 could grow on FBP agar.
Therefore, extremely oxygen-sensitive strains
may be recoverable on FBP agar under condi-
tions where they could not be recovered on
brucella agar. Another advantage of FBP agar
(and also FBP broth) is the greater rapidity with
which growth appears. In general, growth occurs
1 to 2 days earlier on the FBP media.
The results of this study indicate that for the

most reliable isolation and cultivation of C. fetus
on solid media, FBP agar should be used. Incu-
bation of streaked plates should be in a jar
containing a mixture of 3 to 6% 02, 2.5% C02,
and 91 to 95% N2. Visible colony formation
would generally occur within 2 to 3 days, even
with highly oxygen-sensitive strains.
The failure of C. sputorum to exhibit an in-

creased oxygen tolerance with FBP agar is in
agreement with the report by Neikus et al. (5).
C. sputorum is probably not an aerobe or mi-
croaerophile but is instead an aerotolerant an-
aerobe. This is suggested by the results of Van
Palenstein-Helderman and Rosman (7) and Nei-
kus et al. (5) and also by unpublished work in
our laboratory. C. sputorum is similar in its
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TABLE 5. Growth of C. fetus subsp. jejuni and C.
fetus subsp. fetus in FBP broth at 21% 02, 2.5% C02

Organism Strain Growth index"

C. fetus sub- 8916 1.0
sp. jejuni 13136 1.2

4849 NC (11)b
Wang III 1.4
C14 1.8
29A 1.3
Otis P. 3.0
6963 1.5
H641 1.4
B7619 1.5
H840 1.2
Smith 1.4
H550 1.4
11642-B-76 2.3
H325 1.4
Holy Cross 3.2
11641-B-76 2.3
8945-A-76 1.2

C. fetus sub- 21085 NC (14)
sp. fetus 14093 2.2

7721 1.4
75-183 2.1
13841 NC (13)
14664 2.3
14701 NC (25)
998 NC (18)

Growth index = the turbidity reached in FBP
broth at 72 h divided by the turbidity reached in
brucella broth.

" NC, Not calculated. No growth occurred in bru-
cella broth. The value given in parentheses = the
turbidity in Klett units reached in FBP broth.

energy metabolism to Vibrio succinogenes in
that it grows anaerobically with hydrogen or
formate as an electron donor and fumarate or
nitrate as an electron acceptor.
The function of FeSO4, bisulfite, and pyruvate

in enhancing oxygen tolerance in C. fetus is
under investigation.
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